Nine samples of raw milk; 3 buffalo, 3 cow and 3 mixed (1 buffalo: 1 cow) were exposed to different periods of microwave treatment (0second, 30 seconds, 60 seconds, 90 seconds, 120 seconds, 150 seconds and 180 seconds) to evaluate changes in chemical composition and microbial load in milk samples during microwave treatments. Also, these samples were stored for 7 days at refrigeration temperature to follow up changes in chemical composition and microbiological status during storage. In addition, a comparison between pasteurized and microwaved milk was carried out. Results showed that moisture content was decreased with prolonging microwave periods while fat, protein, ash, specific gravity and acidity were increased. Total bacterial count, lactic acid bacteria, lipolytic bacteria, proteolytic bacteria, Psychrotrophic bacteria, yeasts and molds count were decreased or disappeared with prolonged time of microwave treatment and no coliform bacteria were detected after treatment. At the same time, pasteurized milk was higher in moisture content than in microwaved milk but lower in acidity, protein, ash and fat contents. Total bacterial count, lipolytic, proteolytic and psychrotrophic bacterial counts were higher in pasteurized than microwaved milk samples. No coliform bacteria, yeasts, molds and L.A.B. were detected neither in microwaved milk nor in pasteurized milk.
INTRODUCTION
Thermal treatment is a major processing technology in the dairy industry. The purpose of thermal processing is to extend the shelf life of milk and milk products without compromising milk safety. Various thermal treatments such as pasteurization and sterilization can be selected on the basis of severity of the heat treatment and the intended purpose. Apart from inactivation of pathogens, thermal treatment can also result in some other desirable changes, such as protein coagulation, texture softening, and formation of aromatic components. (Ahmed, and Ramaswamy, 2014) . Gajanan et al.,(2015) reported that technological revolution have search for new or improved food processing technologies. Recently, several new food processing technologies, including microwave and radio frequency heating, pulse-electric field treatment, highpressure processing, ultrasonic applications, irradiation, and oscillating magnetic fields are being investigated to improve, replace, or complement conventional processing technology.
The microwave pasteurization is a promising method as it cause less damage in the foodstuffs than the conventional heat treatment, due to the short treatment and radiation time (Albert et al., 2009) Microwave heating refers to dielectric heating due to polarization effects at a selected frequency band in a nonconductor. Microwave heating in milk occurs due to coupling of electrical energy from an electromagnetic field in a microwave cavity with the food and its subsequent dissipation within mik product. Resulting in a sharp increase in temperature within the product. (Gajanan et al., 2015) The unconventional antibacterial treatments applied on milk are: sterilization by ionizing radiation, ultrasound treatment, electro pasteurization, the use of microwave etc. Microwaves are nonionizing radiation; with varying electromagnetic waves of radiant energy with frequencies ranging from 300 MHz to 300 GHz. Domestic ovens operate at 2.450 MHz. (Deliu et al., 2013) . The same author reported that in food heating operations, microwave heating offers several distinct advantages when compared with conventional heating methods. The advantages include speed of heating, energy saving, precise process control, and faster start-up and shutdown times. Other advantages include higher quality product in terms of taste, texture, and nutritional content.
Since the first reported study on the use of microwave systems for pasteurization of milk, several works on microwave milk treatments, mainly conducted on microbiological aspects, have been reported (Thompson & Thompson, 1990) . Although the enhancement of chemical reactions by microwave irradiation is known, few studies have been performed on chemical changes produced during microwave heating of milk. Hammad (2015) studied the effect of microwave treatment on microbiological load of different types of milk. Microwave treatment of cow's or human milk is effective in reducing bacterial counts (Sigman et al., 1989) .
Microwave heat treatment of milk for 2.5 min killed 97.7% of bacteria (Demel et al., 1990) . After storage for 14 days at 8°C the total colony count had doubled and reached more than 10 4 cfu mL -1
. Nasri et al., (2013) investigated the lethal effect of microwave against Salmonella enterica serovar typhimurium.
The aim of this work was to investigate changes in chemical composition and bacteriological quality of milk after microwave treatment for different periods and following these changes during storage at refrigeration temperature. A comparison between heat pasteurized and micro waved milk was also carried out.
MATERIALS AND METHODS

1-Materials:-
Three samples of (buffalo, cow and mixed) milk were collected from some farms in Assuit Governorate and treated with microwave for different periods. Also a sample of pasteurized milk was obtained from the dairy factory in the faculty of Agriculture Assiut University.
2-Methods of analysis:-
Milk samples were subjected to microwave treatments at different periods (0second, 30 seconds, 60 seconds, 90 seconds, 120 seconds, 150 seconds and 180 seconds). Moisture, total nitrogen (TN) and ash contents as well as titratable acidity of milk were estimated according to A.O.A.C (2000) . Total crud protein content was calculated as N×6.38 (Plummer, 1988) . The percentage of fat content had been estimated by using Gerber method (B.S.I. 1958). Specific gravity (Sp. Gr.) of milk samples was determined according to Ling (1963) .
Total bacterial count, lactic acid bacteria, proteolytic bacteria, coliform bacteria, yeasts and molds count were estimated according to Difco Manual (1998). Psychrotrophic bacteria and lipolytic bacteria were estimated according to Marshall (1992) . All analyses were performed in triplicates. Obtained data were programmed in a computer for statistical analysis using SAS (1998) program.
The conventional pasteurization of milk was attained by heating at 72
• C for 40 sec.
RESULTS AND DISCUSSION
1-Buffalo's milk
The changes in chemical composition of buffalo's milk during microwave treatment at different periods and different temperatures are represented in Table ( 85.72, 85.28, 84.61, 83.88, 82.66, 81.74 and 81 .07 % with no significant difference (F-test) between treatments. On the other hand, ash contents were 0. 607, 0.63, 0.698, 0.728, 0.769, 0.828 and 0 .869 % with high significant difference (F-test, p<0 .01) between treatments. Regarding fat contents, it were 7. 26, 7.26, 7.3, 7.56, 7.86, 8.26 and 8.63 % with no significant difference (F-test) between treatments. Protein contents also increased with increasing exposer time to microwave, and it were 4. 28, 4.37, 4.49, 4.67, 4.79, 5 .02 and 5.12 % with high significant difference (F-test, p<0.01) between treatments.
Such results are in agreement with Hattem et al., (2011) and Alkaladi et al., (2014) that gradual increase occurred in T.S, protein, fat, Sp. Gr. and ash contents with increasing the microwave exposer time. However, results of Iuliana et al., (2015) were agreed with our results for Sp. Gr. But disagreed in contents of protein, fat and T.S which were decreased.
Changes in chemical composition of buffalo microwaved milk for 150 and 180 seconds during different storage periods are represented in Table ( 2). 63, 8.63, 8.8, 8 .9 and 9.2 % with no significant difference (F-test). Protein contents also increased with high significant difference (F-test, p<0.01), it were 5.12, 5.12, 5.17, 5.41 and 5.65 %5, after 1,2,3,5,7days, respectively.
Changes in total microbial counts in fresh and treated samples of buffalo milk for control, 30s, 60s, 90s, 120s, 150s and 180s, respectively were represented in Table ( 3). 
Moulds
Total bacterial counts were 201.33×10 , 0.33×10, 0, 0 and 0 CFU /ml after microwave treatments for 0, 30, 60, 90,120, 150 and 180 seconds. No coliform bacteria were found among all treatments.
These results are in agreement with Hammad (2015) , Tremonte et al., (2014) , Alkaladi et al., (2014) and Al-Hilphy and Ali (2013) .
Changes in total microbial counts of buffalo microwaved milk during storage after 150s and 180s treatment were represented in Table (4). - 
Total bacterial counts were increased during storage after 150s or 180s. AT 150s it were 18.66×10, 19.66×10, 25.66×10, 27.66×10 and 28.33×10 CFU/ml after 1 th and 7 th days of storage, respectively. No lactic acid bacteria, Psychrotrophic bacteria, yeasts and molds were found during storage period, while lipolytic bacteria count showed 0, 1.66×10, 1.66×10, 3×10 and 4×10 CFU /ml. and proteolytic bacteria counts were 0.33×10, 0.66×10, 1×10, 2×10 and 2.33×10 CFU /ml.
While after 180s of storage it were 5.66×10, 8.33×10, 9.33×10, 12×10 and 13.66×10 CFU /ml. No lactic acid bacteria, Psychrotrophic bacteria, yeasts and were molds found during storage period, while lipolytic bacteria count were 0, 0.66×10, 0.66×10, 2×10 and 3.33×10 CFU /ml. proteolytic bacteria counts were 0.33×10, 0.66×10, 1.66×10, 2×10 and 3×10 CFU /ml after 1, 2, 3, 5 and 7 days, respectively 2-Cow's milk:
The changes in chemical composition of cow's milk during microwave treatment at different periods and different temperatures are represented in Table (5). The chemical composition had varied effecte by the exposure time after 0 (for control), 30, 60, 90, 120, 150 and 180 seconds, (s), respectively as following:
Acidity contents of cow milk during different periods of microwaving were 0.15, 0.15, 0.155, 0.159, 0.166, 0.173 and 0.181 % with highly significant difference (F-test, p<0.01). Regarding Sp. Gr. of examined samples it were 1.027, 1.027, 1.028, 1.0288, 1.029, 1.030 and 1.032 gm/cm 3 with high significant difference (F-test, p<0.01).
Moisture contents decreased through the examined periods and it were 87.82, 87.75, 87.44, 86.43, 85.39, 84.6 and 83.13 % with high significant difference (F-test, p<0.01). In contrast, ash contents increased during different periods and it reached 0.517, 0.52, 0.544, 0.583, 0.637, 0.722 and 0.76 % with no significant difference (F-test).
Fat contents of examined samples were 4. 06, 4.06, 4.16, 4.32, 4.76, 5 .1 and 5.46 % for control, 30s, 60s, 90s, 120s, 150s and 180s respectively with no significant difference (F-test). Protein contents also increased gradually during microwave treatments, it was 3.74, 4.01, 4.16, 4.52, 4.99, 5.2 and 5.3 % without any significant difference (F-test). Average microbiological counts of microwaved cow's milk during storage after 150s and 180s treatment represented in Table (8) . 
After 150s, total bacterial counts were 21.33×10, 24.33×10, 26.66×10, 31.66×10 and 36.66×10 CFU /ml. Psychrotrophic bacteria counts were 0, 0, 1.66×10, 2.66×10 and 3.33×10 CFU /ml. Lipolytic bacteria counts were 1.66×10, 4.33×10, 6×10, 8×10 and 10×10 CFU /ml. Regarding proteolytic bacterial counts it were 0.66×10, 1.33×10, 2.33×10, 4×10 and 5.66×10 CFU /ml at 1 th and 7 th days of storage, respectively. No lactic acid bacteria, yeasts and molds were found during storage periods.
After 180s. Total bacterial counts were 5.33×10, 8.66×10, 10.33×10, 15.66×10 and 20.66×10 CFU /ml at the same respect. Psychrotrophic bacteria counts were 0, 0, 0.33×10, 1.33×10 and 2.33×10 CFU /ml. Lipolytic bacteria counts were 1×10, 2×10, 2.66×10, 4.33×10 and, 5×10 CFU /ml. while proteolytic bacterial counts were 0.33×10, 1×10, 2×10, 2.66×10 and 4.66×10 CFU /ml. No lactic acid bacteria, yeasts and molds were found during storage periods.
Several studies on microwave heating of milk have been carried out. The majority of these microwave-based studies have been used to investigate the possibility of shelf-life enhancement of pasteurized milk, application of microwave energy to inactivate milk pathogens, assess the influence on the milk nutrients or the non-uniform temperature distribution during the microwave treatment (Koutchma et al., 1998) .
3-Mixed milk:
Results in Table (9) represented changes in chemical composition of mixed milk (1 buffalo: 1 cow) during microwave treatment at different temperature and different period for 0 (for control), 30s, 60s, 90s, 120s 150s and 180s, respectively. Acidity contents were 0.161, 0.161, 0.164, 0.17, 0.171, 0.176 and 0.181 %, with high significant difference (F-test, p<0.01). At the same respect, Sp. Gr. values were 1.028, 1.028, 1.029, 1.0293, 1.03, 1.031 and 1.032 gm/cm 3 without any significant differences among treatments (Ftest). Concerning moisture contents it were 87. 41, 87.21, 86.81, 86.32, 85.13, 84.29 and 83 .47 % with high significant difference (F-test, p<0.01). Vice versa ash contents were increased during microwaving and it were 0.669, 0.672, 0.679, 0.711, 0.762, 0.84 and 0.901 % after 1, 2, 3, 5 and 7 days, respectively with high significant differences (F-test, p<0.01).
Results showed that fat contents were increased during microwaving and reached to 4.9, 4.9, 4.96, 5.23, 5.53, 5.8 and 6.1 % with significant differences (F-test, p<0.05), at the same respect protein contents also increased during microwaving and it were 3.98, 4.01, 4.19, 4.37, 4.52, 4.7 and 4.93 % without any significant differences (F-test) after microwave treatments for 0. 30, 60, 90, 120, 150 and 180 seconds, respectively.
Changes in chemical composition of mixed milk after 150s and 180s during storage for 1 th and 7 th days, respectively were represented in Table (10) . It could be observed that acidity contents were (0.176, 0.181), (0.179, 0.182), (0.181, 0.183), (0.185, 0.187) and (0.188, 0.19) % after 150s and 180s of storage without any significant differences (F-test). At the same respect Sp. Gr. values were (1.031, 1.032), (1.031, 1.032), (1.031, 1.0335), (1.0325, 1.034) and (1.033, 1.034) gm/cm 3 without any significant differences (F-test). Moisture contents decreased gradually during storage and it were (after 150s) 84.28, 84.1, 83.92, 83.6 and 83 .12 % with significant differences (F-test, p<0.05) and it were (after 180s) 83.27, 83.3, 83.21, 82.82 and 82.4 % without any significant differences (F-test). Ash contents were 0.839, 0.854, 0.873, 0.9 and 0.926 % after 150s without any significant differences (F-test). On the other hand after 180s it was 0.901, 0.927, 0.943, 0.977 and 1.001 % at the same respect without any significant differences (F-test).
Fat contents after 150s and 180s were (5.8, 6.1), (5.8, 6.1), (5.9, 6.23), (6.13, 6.46) and (6.4, 6 .66) % without any significant differences (F-test). Protein contents after 150s and 180s were (4.7, 4.93), (4.7, 4.93), (4.81, 5.05), (4.93, 5.17) and (5.11, 5.32 ) % at the same respect without any significant differences (F-test).
Regarding microbial analysis, Table ( Changes in total microbial counts of treated samples after 150s and 180s during storage represented in Table  (12) . After 150s, total bacterial counts were 23.66×10, 28.33×10, 33.33×10, 40×10 and 45.33×10 CFU /ml. Psychrotrophic bacteria counts were 2.33×10, 3.33×10, 4.33×10, 7.33×10 and 8×10 CFU /ml. Meanwhile, lipolytic bacteria counts were 0.0, 0.66×10, 1.33×10, 2.66×10 and 3.33×10 CFU /ml.
While after 180s Total bacterial counts were 5.66×10, 8.33×10, 11.33×10, 15.66×10 and 20×10 CFU /ml. proteolytic bacteria counts were 0, 0.33×10, 0.33×10, 1.33×10 and 2.33×10 CFU /ml during storage for 1 
Comparison between microwave and pasteurization treatments: Table ( 13) represented differences in chemical composition between microwaved and pasteurized milk at the same temperature. Acidity contents were high in microwaved milk (0.189 %) than pasteurized milk (0.162%) with high significant difference (F-test, p<0.01). No significant differences (F-test) in Sp. Gr. between the two treatments (1.0305 gm/cm 3 ). Moisture contents were 86.273 and 88.135 % for microwaved and pasteurized milk, respectively with significant differences (F-test, p<0.05). At the same respect, ash contents were 0.753 and 0.674 % with high significant differences (F-test, p<0.01). A significant difference (F-test, p<0.05) was observed between the two treatments in fat contents (3.5 and 3 %). On the other hand protein contents were 4.37 and 3.79 % with significant difference (F-test, p<0.05). Such results are in agreement with Alkaladi et al., (2014) who found that acidity, fat, protein, ash and T.S. contents are high in microwaved milk than in pasteurised one. Microbial analysis of microwaved and pasteurized milk are represented in Table ( 14) . Results showed that microbial counts in microwaved milk were less than that in pasteurized milk. it was 19×10, 0.0, 3×10, 0.0, 0.0, 0.0 and 0.0 CFU /ml in microwaved milk for total bacterial, L.A.B., Psychrotrophic, lipolytic, proteolytic counts, yeasts and moldscount, respectively while it was 87×10, 0.0, 15×10, 3×10, 3×10, 0.0 and 0.0 CFU/ml in pasteurized milk at the same respect. These results are in agreement with Alkaladi et al., (2014) . Also Wernery et al., (2005) showed that pasteurization of camel milk had very little effects on its constituent (fat and protein) with slight increase in ash content. The inactivation of Streptococcus faecalis, Yersinia enterocolitica, Campylobacter jejuni, and Listeria monocytogenes in milk by microwave energy has been reported by (Choi et al., 1993 a, b) 
